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@ Active matrix display device with thin film transistors structure. 



An active matrix display device which includes a pair of insulated substrates, pixel electrodes 
arranged in matrix on an inner side of one of the pair of insulated substrates, each pixel electrode being 
provided with at least a pair of TFTs including gate electrodes and drain electrodes, wherein the gate 
electrodes are formed in symmetrical shapes with respect to a central plane passing through a center 
between the pair of TFTs, thereby ensuring that the parasitic capacitances of the TFTs remain constant 
irrespective of a possible displacement of the drain electrodes and keeping the display device free from 
flickers due to differentiated parasitic capacitances. 
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BACKGROUND OF THE INVENTION 

1. Fi Id of th Invention: 

The present invention relates generally to an 
active matrix display device, and more particularly to 
an active matrix display device using a display 
medium such as a liquid crystal and employing a 
switching device such as a thin film transistor 
(hereinafter called "TFT"). 

2. Description of the Prior Art 

TFTs are in common use as a switching element 
for active matrix display devices. The TFTs used in 
the pixel electrodes reduce cross-talk between the 
pixels, and allows a limitless number of scanning 
lines. As a result, the active matrix display device has 
a larger capacity for display images and achieves a hi- 
gher-precision image quality than a simple matrix dis- 
play device. 

To explain the background of the present inven- 
tion, reference will be made to Figures 4 and 5: 

Gate buses 4 are arranged in parallel with each 
other on an active matrix substrate, with the interposi- 
tion of pixel electrodes 5 between one gate bus and 
the adjacent gate bus. The gate buses in the odd- 
numbered order are indicated by 4a and those in the 
even-numbered order are indicated by 4b. The pixel 
electrodes connected to the gate buses 4a are indi- 
cated by 5a, and those connected to the gate buses 
4b are indicated by 5b. As shown in Figure 4, the pixel 
electrodes 5a and 5b arranged in columns in parallel 
with the gate bases 5a and 5b are aligned with each 
other, and those in! the adjacent columns are dis- 
placed from each other by half the side of each pixel 
electrode along the gate buses 4a and 4b. Three pixel 
electrodes arranged in a triangle displaying red, green 
and blue : constitutes a unit Source buses 6 are 
arranged in a zig-zag form among the pixel electrodes 
5a and 5b. The pixel electrode 5a is provided with a 
TFT 1 (Figure 8) which includes a TFT 1a connected 
to the gate bus 4a and TFT 1b connected to the gate 
bus 4b. The TFT 1a is formed on a gate electrode 10a 
extended from the gate bus 4a at a right angle thereto. 
The pixel electrodes 5a are connected to drain elec- 
trodes 8a of the TFT 1a, and a source electrode 9a of 
the TFT 1a is connected to the source bus 6. Likewise, 
the TFT 1b is formed on a gate electrode 10b exten- 
ded from the gate bus 4b at a right angle. The pixel 
electrode 5b is connected to a drain electrode 8b. The 
source electrode 9b of the TFT 1b is connected to the 
source bus 6. The position of the drain electrode 8a 
to the gate electrode 10a of the TFT 1a and that of the 
drain electrode 8b to the gate electrode 10b of the 
TFT 1b are mutually in opposite directions along the 
xtension of the gate bus 4. Additional capacitor lines 
7 are provided for each pixel electrode 5. Part of each 



additional capacitor line 7 functions as an additional 
capacitor electrode for th pixel electrode 5. In Figure 
4, th additional capacitor line 7 is omitted. 

Referring to Figures 6 and 7, the internal con- 
5 struction shared by the TFTs 1a, 1b and so on will be 
described. The cross-sectional shapes of the TFTs 1 a 
and 1b are symmetrical to each other. As shown in 
Figure 7, the TFT 1a has the gate electrode 10a pat- 
terned on the glass substrate 21 and an anode 

10 oxidized film layer 22 wholly covered with a gate 
insulating layer 23. On the gate insulating layer 23 are 
a channel layer 24, a channel protective layer 25, a 
contact layer 26, a source metal layer 19a and a drain 
metal layer 18a. The pixel electrodes 5a are formed 

15 with ITO (indium Tin Oxide) on the drain metal layer 
18a. An ITO layer 27 Is formed at the same time as 
the pixel electrodes 5a are formed. The contact layer 
26 and the drain metal layer 18a constitute th source 
electrode 9a. Likewise, the contact layer 26 and the 

20 drain metal layer 18a constitute the drain electrpd 
8a. 

Figure 8 is an equivalent circuit for the active mat- 
rix substrate described above. The TFTs 1 of this 
active matrix substrate are connected to a pixel 

25 capacitor 11 constituted by the pixel electrod 5 and 
a counter electrode, and a liquid crystal layer, an 
additional capacitor 12 constituted by a pixel elec- 
trode 5, the gate insulting layer 23 and the adoTti nal 
capacitor line 7, and a parasitic capacitance 13 con- 

30 stituted by the gate electrode 10a (or 1 0b). As shown 
in Figure 6, the parasitic capacitance 1 13 is formed in 
the overlapping portions of the gate electrode 10a (or 
10b) and the drain electrode 8a (or 8b). In Figure 6, 
the overlapping portions are indicated by hatching, 

35 having an area of XxW. If the drain electrode 8a is 
formed' at a displaced position, the parasitic capaci- 
tance will have a different capacity. 

As described above, the position of the drain elec- 
trode 8a to the gate electrode 10a of the TFT 1a and 

40 that of the drain electrode 8b to the gate electrode 1 0b 
of the TFT 1b are mutually in opposite directions 
along the extension of the gate bus 4. The drain elec- 
trodes 8a and 8b of the TFTs 1a and 1b are formed 
by patterning. If they are formed at displaced positions 

45 from predetermined positions along the extension of 
the gate bus 4, the area of the overlapping portions of 
the gate electrode 10a and the drain electrode 8a of 
the TFT 1a will be different from that of the overlap- 
ping portions of the gate el ectrode , 1 0b and th drain 

so electrode 8b of the TFT 1b. As a result; the parasitic 
capacitance connected to the TFT 1a and that con- 
nected to the TFT 1b will become different in value. 

When trie gate electrode 10 of the TFT 1 is on, an 
ax. signal applied to th drain lectrode 8 from the 

55 source electrode 9 is transiently distributed to the 
pixel capacitor 11, the parasitic capacitor 13, and the 
additional capacitor 12. In general, the parasitic 
capacitor of the TFT is greater than that of the MOS- 
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FET, and owing to it, the voltage waveform of the a.c. 
signal becomes unsymmetrical. The non-symmetry 
causes an off-set DC voltage component, and th reby 
causes detrimental flickers. In orderto preventfiickers 
from resulting from the parasitic capacitance of the 
TFT, the common practice is to apply a DC compo- 
nent to the counter electrodes located on the opposite 
side of the liquid crystal layer, so as to compensate for 
the off-set DC voltage. 

In the known active matrix display device shown 
in Figures 4 and 5, since the parasitic capacitance of 
the TFT 1a connected to the gate bus 4a in the odd- 
numbered order and the parasitic capacitance of the 
TFT 1b connected to the gate bus 4b in the even-num- 
bered order differ in size, the voltage applied to the 
counter electrodes can only compensate for the para- 
sitic capacitance either of the TFT 1a or the TFT 1b. 
As a result, a DC component is applied to the pixel 
electrodes 5 connected to the TFT 1 whose parasitic 
capacitance is not compensated. The display device 
is subjected to flickers. 

SUMMARY OF THE INVENTION 

The active matrix display device of mis invention, 
which overcomes the above-discussed and numer- 
ous other disadvantages and deficiencies of the prior 
art, comprises a pair of insulated substrates, pixel 
electrodes arranged in matrix on an inner side of one 
of the pair of insulated substrates, gate buses 
arranged between the pixel electrodes, at least one 
pair of thin film transistors disposed for each pixel 
electrode, each thin film transistor including a gate 
electrode and a drain electrode, wherein the gate 
electrodes of each pair of thin film transistors are for- 
med in symmetrical forms with respect to a central 
plane passing through a center between the pair of 
thin film transistors, the gate electrodes being perpen- 
dicular to the direction of the gate buses, and wherein 
the pair of drain electrodes are formed in symmetrical 
shapes with respect to the central plane. 

In a preferred embodiment, the pixel electrodes 
arranged in columns in parallel with the gate buses 
are aligned with each other, and the pixel electrodes 
in the adjacent columns are displaced from each other 
by half the side of each pixel electrode along the gate 
buses. 

In a preferred embodiment, the pixel electrodes 
are connected to source buses arranged in a zigzag 
form therebetween. 

Thus, the present invention described herein 
makes possible of the objective of providing an active 
matrix display device which ensures that no flickers 
occur even if TFTs hav different parasitic capaci- 
tances. 

A pixel electrod is provided with one or more 
pairs of TFTs, each pair of TFTs having gate elec- 
trodes and drain electrodes ach formed in symmet- 



rical shapes with respect to a central plane passing 
through a center between the paired TFTs. In addi- 
tion, the gate electrodes of ach pair of TFTs are posi- 
tioned perpendicular to the gate buses. This 

5 arrangement is advantageous in that if the drain elec- 
trode is patterned at a displaced position in th direc- 
tion of the gate buses, one of the TFTs has an 
increased overlapping portion of the gate electrode 
and the drain electrode wherein the other TFT has a 

10 decreased overlapping portion thereof. Thus, the 
parasitic capacitances of the TFTs are kept constant 
irrespective of the displacement of the drain elec- 
trodes, thereby keeping the display device free from 
flickers due to differentiated parasitic capacitances. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 

20 rent to those skilled in the art by reference to th 
accompanying drawings as follows: 

Figure 1 is a plan view showing a porti n of an 
active matrix substrate employed in an active 
matrix display device according to the present 

25 invention; 

Figure 2 is a plan view on an enlarged seal 
showing TFT sections of the substrate of Figure 

Figure 3 is a cross-sectional view taken along the 

do tine Ill-Ill in Figure 2; 

Figure 4 is a diagrammatic view showing a known 
active matrix substrate employed in a known 
color liquid crystal display device; 
Figure 5 is a partial plan view on an enlarg d 

35 scale showing the active matrix substrate of Fig- 
ure 4; 

Figure 6 is a partial plan view on an enlarged 
scale showing the TFT section of Figure 5; 
Figure 7 is a cross-sectional view taken along th 
40 line VII-V1I in Figure 6; and 

Figure 8 is an equivalent circuit diagram used in 
the active matrix substrate of Figure 4. 

DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

Referring to Figure 1, a plurality of pix I elec- 
trodes 55 are formed on an insulated substrate, with 
gate buses 54 interposed in parallel betwe n one 

so pixel electrode 55 and the next The gate bus 54 
includes the gate buses 54a and 54b, and the pixel 
electrode 55 includes a pixel electrode 55a connected 
to the gate bus 54a and a pixel electrode 55b connec- 
ted to the gate bus 54b. As referred to above, th pixel 

55 lectrodes 55a and 55b in each columns in parall I 
with the gate buses 54a and 54b are aligned with ach 
other, and those in adjacent columns are displaced 
from each other by half the side of the pix I lectrod 
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along th gate buses 54a and 54b as shown in Figure 
1. The source buses 56 are formed in a zigzag form 
among the pixel t ctrodes 55a and 55b. 

The TFTs 51a and 61a are provided between the 
gate bus 54a and the pixel electrode 55a. Likewise, 5 
the TFTs 51b and 61b are provided between the gate 
bus 54b and the pixel electrode 55b. The TFTs 51b 
and 61b are formed on the gate electrodes 57a and 
67a extended from the gate bus 54a at a right angle 
thereto. The gate electrodes 57a and 67a, the drain 10 
electrodes 58a and 68a, and the source electrodes 
59a and 69a of the TFTs 51a and 61a are symmetri- 
cally formed with respect to a central plane located at 
the center between the TFTs 51a and 61a. The pixel 
electrode 55a is connected to the drain electrodes 15 
58a and 68a of the TFTs 51a and 61a. The source 
electrodes 59a and 69a of the TFTs 51 a and 61 a are 
connected to an extension 90a of the source bus 56. 

Likewise, the TFTs 51b and 61b are formed on 
the gate electrodes 57b and 67b extended from the 20 
gate bus 54b at a right angle thereto. The gate elec- 
trodes 57b and 67b, the drain electrodes 58b and 
68b, and the source electrodes 59b and 69b of the 
TFTs 51b and 61b are symmetrically formed with res- 
pect to a central plane located at the center between 25 
the TFTs 51 b and 61b. The pixel electrode 55b is con- 
nected to the drain electrodes 58b and 68b of the 
TFTs 51b and 61b. The source electrodes 59b and 
69b of the TFTs 51b and 61b are connected to an 
extension 90b of the source bus 56. An additional 30 
capacitor line 91 is provided for each of the pixel elec- 
trodes 55a T 55b. Part of the additional capacitor lines 
91 function as additional capacitor electrodes against 
the respective pixel electrodes 55. 

Referring to Figures 2 and 3, an active matrix dis- 35 
play device according to the present invention will be 
described in the order of the steps taken to fabricate 
it 

A glass substrate 71 was prepared, on which a 
film having a thickness of 3000 um was formed with 40 
Ta. The Ta film was patterned by photolithography or 
etching so as to form the gate buses 54a and 54b, the 
gate electrodes 57a, 57b, 67a and 67b, and the 
additional capacitor lines 91 were formed. Then, the 
gate buses 54a and 54b, the gate electrodes 57a, 45 
57b, 67a and 67b, and the additional capacitor lines 
91 were subjected to surface anodizing. In this way 
these lines and electrodes were covered with 
anodized layer 72 of Ta 2 C>5. 

Then, a gate insulating layer 73 having a thick- so 
ness of 3000 um was formed with sOlcone nitride 
(SIN*) by a plasma CVD method so as to cover the 
who! surface of the anodized layer 27. In addition, 
the gate Insulating layer 73 was covered with an intrin- 
sic amorphous silicone (a-Si(i)) layer having a thick- 55 
ness of 300 um, which made channel lay rs 74 at a 
later stage, and a silicone nitride layer having a thick- 
ness of 2000 um which made channel protective 



layers 75. 

Then, the silicone nitride layer was patterned by 
photolithography but of course it can be done by etch- 
ing so as to form the channel protective layers 75 on 
the gate electrodes 57a, 57b, 67a and 67b. 

Next, an n-type amorphous silicone (a-Si(rw)) 
layer was deposited by a CVD method, so as to form 
contact layers 76 and 86 at a later stage. The a-Si(i) 
layer and the a-Si(ru) layer were patterned by photo- 
lithography and etching. In this way the contact layers 
76 and 86, and the channel layers 74 were formed. At 
this stage, the contact layers 76 and 86 are connected 
to each other on the channel layers 74. 

Then, a metal layer was formed with Ti having a 
thickness of 3000 um by sputtering. The Ti layer was 
patterned by photolithography and etching so as to 
form the source bus 56, the extensions 90a and 90b, 
the source metal layers 89a, 89b, 99a and 99b, the 
source metal layers 89a, 89b, 99a and 99b, and the 
drain metal layers 88a, 88b, 98a and 98b. At this 
stage, the channel protective layer 75 for the contact 
layers 76 and 86 and a central portion of the channel 
protective layer 75 were removed by etching. The 
contact layer 76 and the source metal layer 89a con- 
stituted the source electrode 59a, and the contact 
layer 86 and the source metal layer 99a constituted 
the source metal layer 69a. Likewise, th contact 
layer 76 and the drain metal layer 88a the drain elec- 
trode 58a, and the contact layer 86 and th drain 
metal layer 98a constituted the drain electrode 68a. 

Then, an ITO layer having a thickness of 1 000 um 
was formed by sputtering. The ITO layer was patter- 
ned by photolithography and etching so as to form 
pixel electrodes 55a and 55b. The ITO layer 77 was 
retained on the source bus 56, the extensions 90a and 
90b, the source metal layers 89a, 89b, 99a, and 99b, 
the drain metal layers 88a, 88b, 98a and 98b. A pro- 
tective layer 92 having a thickness of 3000 um was 
formed with SiN x , on which an orientation layer 93 was 
additionally formed. 

On the counter substrate 81 were formed a black 
stripe 82 and a color filter 83, and the counter elec- 
trode 84 of ITO and an orientation layer 85 were for- 
med over the black stripe 82 and the color filter 83. 
The liquid crystal layer 94 is sandwiched between the 
two substrates 71 and 81 . In this way the active matrix 
display device is finished. 

In the illustrated embodiment, the parasitic 
capacitance is formed in the portion indicated by 
hatching in Figure 2: more specifically, the overlap- 
ping region A of the gate electrode 57a and th drain 
electrode 58a, and the overlapping region B of th 
gate electrode 67a and the drain electrode 68a The 
areas SA of the region A and the area SB of the region 
B are equal in having th size of (XxW), wh reth 
X is the length of a minor side of the regions A and B 
along the gate bus 54, and the W fe the length of a 
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2. 



major side of the regions A and B in th direction per- 
pendicular to the gate bus 54. As shown in Figur 2, 
the gate lectrodes 57a and 67a are symmetrically 
disposed on opposite sides of an imaginary central 
plane situated at a center between the TFTs 51a and s 
61a. Each gate electrode 57a and 57b is perpendicu- 
lar to the gate buses 54. The drain electrodes 58a and 
68a of the TFTs 51a and 61a are formed in symmet- 
rical forms with respect to the imaginary central plane. 
This arrangement ensures that even if the drain elec- 10 
trodes 58a and 68a are displaced from a predeter- 
mined position in the direction of the gate bus 54 v the 
total area of the regions A and B remains constant 
Suppose that the drain electrodes 58a and 68a are 
displaced by A X from the normal positions along the is 
gate bus 54, to the right in Figure 2. The areas SA and 
SB of the regions A and B are calculated as follows: 
SA = (X + AX)xW 
SB = (X-AX)xW 

Therefore, the total of SA and SB rs2XxW. This 20 
means that the total area remains the same as if no 
displacement occurs in the positions of the drain elec- 
trodes 58a and 68a. This effect is also present in the 
TFTs 51b and 61b. 

In the illustrated embodiment, a par of TFTs are 25 
provided for a single pixel electrode, but the number 
of TFTs is not limited to one pair. A greater number of 
TFTs can be employed. When two or more pairs of 
TFTs are employed, it is only necessary to ensure that 
the gate electrodes and the drain electrodes of the 30 
TFTs of each pair are symmetrical with respect to the 
imaginary central plane passing through a center be- 
tween the respective pair of TFTs. 

As is evident from the foregoing description, each 
pbcelelectrode isprovided with atleasta pairofTFTs 35 3. 
Including gate electrodes and drain electrodes, whe- 
rein the gate electrodes are formed in symmetrical 
shapes with respect to a central plane passing 
through a center between the pair of TFTs. This 
arrangement ensures that the parasitic capacitances ao 
of the TFTs remain constant irrespective of a possible 
displacement of the drain electrodes, thereby keeping 
the display device free from flickers due to differen- 
tiated parasitic capacitances. 

It will be appreciated from the foregoing descrip- 45 
tton that the known high-precision, small-size active 
matrix display device reduces the display perform- 
ance because of the low numerical aperture. When a 
display device having a large area covered by the light 
shield layer is used for a projection type display so 
device, another problem arises as black spots in the 
image picture resulting from the light shield layers. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skiDed in the art without departing from th scope and 55 
spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 



that the claims be construed as ncompassing all the 
features of patentable novelty that reside in th pre- 
s nt invention, including all features that would be 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 



Claims 

1 . An active matrix display device comprising a pair 
of insulated substrates, pixel electrodes arranged 
in matrix on an inner side of one of the pair of insu- 
lated substrates, gate buses arranged between 
the pixel electrodes, at least one pair of thin film 
transistors disposed for each pixel electrod , 
each thin film transistor including a gate electrode 
and a drain electrode, wherein the gate lec- 
trodes of each pair of thin film transistors are for- 
med in symmetrical forms with resp ct to a 
central plane passing through a center b tween 
the pair of thin film transistors, the gate el ctrodes 
being perpendicular to the direction of the gate 
buses, and wherein the pair of drain el ctrodes 
are formed in symmetrical shapes with resp ct to 
the central plane. 



4. 



An active matrix display device according to claim 
1, wherein the pixel electrodes-arranged in col- 
umns in parallel with the gate buses are aligned 
with each other, and the pixel electrodes in the 
adjacent columns are displaced from each other 
by half the side of each pixel electrode along th 
gate buses. 

An active matrix display device according to claim 
1 , wherein the pixel electrodes are connected to 
source buses arranged in a zigzag form therebet- 
ween. 

An active matrix display device in which a matrix 
array of pixel electrodes is formed on the insid 
surface of one of a pair of superposed insulating 
substrates, the voltage applied to each said pixel 
electrode being controlled by a respective TFT 
means including gate electrode means connec- 
ted to a gate bus and drain electrode means con- 
nected to the pixel electrode, characterised in that 
the TFT means includes a parr of TFTs spaced 
apart along the gate bus, and arranged with their 
gate electrodes extending laterally from said gate 
bus and disposed symmetrically about an inter- 
mediate centre line, the drain electrodes of said 
pair of TFTs also being arranged syrnm trically 
about said centre line. 
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